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Summary.  Monkeys  infected  with  the  Asibi  strain  of  yellow  fever  virus  developed 
multiple  coagulation  abnormalities  3-4  days  after  viral  inoculation.  These  coagulation 
abnormalities  occurred  almost  simultaneoulsy  with  the  development  of  fever, 
clinical  illness  and  pathologic  changes  in  the  liver.  The  haemorrhagic  manifestation 
of  yellow  fever  and  the  rapid  development  of  multiple  coagulation  abnormalities 
cannot  be  explained  solely  by  impaired  production  of  coagulation  proteins  and 
suggested  that  there  was  accelerated  intravascular  coagulation.  Heparin  therapy  in 
one  group  of  infected  animals  decreased  the  severity  of  coagulation  abnormalities 
but  did  not  prolong  the  life  of  these  animals. 

Yellow  fever,  a  group  B  arbo  virus  infection,  varies  in  severity  from  a  mild  febrile  illness  to  a 
fulminant  infection  characterized  by  hepatic  failure,  albuminuria,  haemorrhagic  manifesta¬ 
tions,  coma  and  death.  Often  the  terminal  event  in  fatal  cases  is  an  upper  gastro-intestinal 
haemorrhage,  classically  described  as  ‘black  vomitus*.  The  generalized  bleeding  t  ndcncy  may 
also  be  manifested  by  cpistaxis,  bleeding  itUo  the  mucous  membranes  and  uterine  haemo¬ 
rrhage  (Strode,  1951;  Horsfall  and  Tamm,  1965), 

The  prominence  of  haemorrhagic  manifestations  in  severe  cases  of  yellow  fever  prompted 
this  investigation  of  coagulation  abnormalities  in  monkeys  infected  with  a  virulent  strain  of 
yellow  fever  virus. 


MATERIALS  AND  METHODS 

Thirty-two  rhesus  [Macaca  mulatta)  monkeys  weighing  2. 5-3. 5  kg.  were  used  tor  this 
study.  The  principles  of  laboratory  animal  care  as  promulgated  by  the  National  Society  tor 
Medical  Research  were  observed.  All  monkeys  were  bled  i  week  prior  to  intection  for  base¬ 
line  coagulation  studies  and  measurement  of  yellow  fever  virus  neutralizing  antibody  litres. 
Twenty-four  of  the  monkeys  were  inoculated  intraperitoneally  with  i  ml.  of  rhesus  monkey 
serum  containing  10^  mou.se  intracerebral  (i.c.)  median  lethal  doses  of  Asibi  strain  of  yellow 
tever  virus. 

I  'irns  assays  were  performed  by  intracerebral  inoculation  in  weanling  mice  (Collier,  De 
R<'ever-Bonnet  and  Hoekstra,  1959). 

Coagulation  studies  were  carried  out  on  each  infected  monkey  prior  to  infection  and  on  one 
ot  the  font  days  after  inoculation  and  again  when  they  were  gravely  ill.  Control  studies  were 
performed  on  unatlected  control  animals  and  on  24  normal  rhesus  monkeys.  Four  monkeys 

•  I’rcscnf  .»ddrc«:  ( icorjjftowii  Tumor  ScrMCc,  P  C  •  <icncral  Hospital,  Washington.  D.C. 
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were  injected  with  250  units  of  heparin  sodiirni  (1000  NIH  units/ml.)  intraperitoneally  every 
f.  hours  from  24  hours  after  virus  inoculation  until  death.  Further  tests  were  performed  on 
blood  obtained  from  tliese  latter  animals  4  days  after  infection  and  compared  with  preinfection 
specimens  and  with  blood  obtained  from  unheparinized  infected  monkeys. 

The  blood  for  these  studies  was  collected  in  disposable  polypropylene  syringes  with  20  gauge 
needles  by  femoral  venipuncture.  Citrated  (3.8  per  cent  sodium  citrate)  and  oxalated  (o.i  M 
sodium  oxalate)  specimens  were  prepared  by  mixing  4.5  ml.  of  whole  blood  with  a  0.5  ml.  of 
anticoagulant.  Platelet-poor  plasma  was  prepared  by  centrifuging  the  o.xalated  and  citrated 
specimens  at  3500  rev./min.  at  4  C.  for  5  minutes.  The  oxalated  and  citrated  platelet-poor 
plasmas  were  pipetted  into  separate  polypropylene  tubes  with  disposable  polypropylene 
pipettes  and  rapidly  frozen  in  alcohol  and  dry  ice.  These  specimens  were  stored  at  —70"  C. 
until  clotting  studies  were  performed.  Whole  blood  anti-coagulated  with  dry  ethylene 
diaminetetracetate  (EDTA)  was  used  for  the  determination  of  routine  haematologic  studies 
including  platelet  counts.  An  additional  specimen  of  whole  blood  was  collected  in  a  clean,  dry 
test  tube,  allowed  to  clot  and  incubated  at  37"  C.  for  4  hours.  These  specimens  were  centri¬ 
fuged  at  5000  rev./min.  for  20  minutes,  the  serum  decanted  into  a  clean  polypropylene  test 
tube  and  frozen  at  —70  C.  until  used  for  the  determination  of  fibrinogen  degradation 
products.  Normal  values  for  coagulation  data  were  obtained  by  studies  of  the  blood  from  24 
normal  rhesus  monkeys.  The  plasma  from  these  animals  was  prepared  and  frozen  similarly  to 
specimens  from  the  test  monkeys. 

The  one~stii<>c  prothroiiihin  time  was  measured  by  the  method  of  Quick  (1935)  using  rabbit 
brain  throinbopiastin  (Ortho  Diagnostic  Division,  Ortho  Pharmaceutical  Co.). 

The  partial  thronihoplastin  time  was  performed  by  the  method  of  Langdell,  Wagner  and 
Hrinkhous  (1953),  using  rabbit  brain  cephalin  with  celitc  as  the  plasma  activator  (Bioquest, 
Division  of  Baltimore  Biological  Lab.). 

Prothromhin  (Factor  II)  activity  was  determined  by  the  method  of  Owren  (1949). 

Lahile  factor  (Factor  I  j  activity  was  determined  by  a  modification  of  the  method  of 
Stefanini  (1950). 

Stable  factor  (Factor  I  ’ll)  and  Stuart  Proiver  factor  (Factor  X)  activities  were  assayed  by  the 
method  of  Owren  and  Aas  (1951). 

Antihaemophilic  f’lohiilin  (Factor  VIII)  activity  was  determined  by  the  method  of  Bergna 
(i960). 

Plasma  thromboplastin  component  (Factor  IX)  was  measured  by  the  method  of  Kroptakin, 
Hoag  and  Aggeler  (1964). 

Stnart-Prower  factor  (Factor  X)  activity  was  determined  by  the  method  of  Bachman,  Duckert 
and  Koller  (1958). 

Plasma  thromboplastin  antecedent  (Factor  XI)  activity  was  assayed  by  the  method  of  Horowitz, 
Wilcox  and  Fujimoto  (1963). 

Platelets  were  counted  by  the  method  of  Rees  and  Ecker  (Wintrobe,  1967). 

Fibrinof’en  was  measured  by  the  method  of  Ratnoft  and  Menzic  (1951). 

Fm>lobnlin  lysis  time  (liLT)  was  performed  by  the  method  of  Dennis  and  Conrad  (1968). 

All  assass  and  studies  requiring  fibrin  formation  as  an  end  point  were  performed  with  a 
fibrometer  clot  timer. 

}-ibrino(>en  degradation  products  (FDP).  linmunodirtusion  studies  employing  specific 
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rabbit  antiserum  against  human  fibrinogen  prepared  by  a  modification  of  the  method  of 
Hemker,  Fekkes,  Hensen,  Schrijver  and  Locligcr  (1966)  were  performed  by  the  double 
diffusion  method  of  Ouchtcrlony  (1962)  on  agar  plates.  Test  sera  and  normal  monke)'  sera 
were  treated  with  100  units  of  bovine  thrombin  (1000  NIH  units  per  ml.)  and  incubated  for 


Ooy 

Ik.  I.  Rcct.il  tcinptfratucci  ot  intcctfd  ( - )  and  uninfected  ( - )  monkeys  were  obtained  with  indwelling 

tluTiiKicouples.  .Significa- 1  variation  from  normal  daily  temperature  response  was  observed  56  hours  after 
MKH  Illation  witli  yellow  f.wer  virus. 


Prgthrgmbin  time  Porliol  thromboplostin  lime 
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Ik.  2.  Ilie  one-stage  prothrombin  time  and  partial  ciiroinboplastin  time  at  intervals  alter  infection  ot  rhesus 
ni.'nks  s  s  ssith  yellow  teser  virus.  Normal  mean  values  +  2  S.l).  are  crosshatched. 

I  litsur  at  37  C.  before  utilization  in  the  immunodiffiision  studies  (Merskey,  Johnson  and 
Kleiner.  1965).  SimilarK -treated  serum  from  24  normal  monkeys  showed  no  reaction  of 
ideiuitv  tor  fibrinogen. 

Ri  Ctitl  temfyeriUurc  was  measured  using  an  indwelling  thermocouple  connected  to  a  Honcy- 
well  Temperature  Recorder. 
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RESULTS 

Rhesus  monkeys,  without  serum-neutralizing  antibodies  for  yellow  fever  virus,  were 
injected  with  a  lethal  dose  of  Asibi  strain  of  yellow  fever  virus.  Fever  became  apparent  during 
tlie  third  day  of  observation  (Fig.  i).  All  infected  monkeys  died  within  5-6  days  after  virus 
inoculation.  At  autopsy,  the  liver  showed  severe  hepatic  necrosis  similar  to  that  previousK' 
reported  in  rhesus  monkeys  with  yellow  fever  (Tigertt,  Bcrgc,  Goehenour,  Gleiscr,  Eveland, 
Vordcr-Bruegge  and  Smetana,  i960;  Bcarcroft,  1957).  There  were  petechial  haemorrhages 
in  many  organs  and  partially  digested  blood  within  the  intestinal  lumen  of  most  animals. 
Organized  thrombi  were  not  seen  by  light  microscopic  examination  of  visceral  organs. 


4.  iMatclct  counts  in  rhesus  monkeys  at  intervals  after  infection  with  yellow  fever  virus.  Normal  values 
♦  j  s  l>  .ire  cross’’ Uchcvl. 


Multiple  coagulation  abnormalities  were  not  observed  until  yz  hours  after  virus  inoculation. 
As  tile  disease  progressed,  infected  monkeys  developed  a  prolonged  one-stage  prothrombin 
time  aiul  partial  thromboplastin  time  (Fig.  z).  Thc.se  abnormal  screening  studies  reflected 
significant  depression  of  Factors  II,  V,  VII  plus  X,  VIII,  X,  .and  XI  (Fig.  3).  The  platelet  counts 
of  most  monkeys  remained  within  the  normal  range.  However,  the  animals  had  a  gradual 
decrease  in  the  platelet  count  throughout  the  period  of  infection  with  the  development  of  a 
mild  rliroinbocytopenia  on  the  fourth  and  fifth  day  (Fig.  4).  The  euglohuliii  lysis  time  was 
prolonged  in  half  of  the  observed  animals  on  the  second  day  after  infection  and  was  abnormal 
III  all  but  one  specimen  at  later  intervals  (Table  1).  The  fibrinogen  concentration  remained 
normal  in  blooii  from  most  monkevs.  except  terminalK  when  several  animals  had  liypo- 
tibnnogenaemia  (Fig.  5).  This,  together  with  the  relatively  prolonged  thrombin  times  (Fig.  5) 
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may  be  explained  by  the  acciniuilation  of  fibrinogen  degradation  products  (FDP)  (Table  II) 
in  tbe  circulating  blood  of  infected  monkeys. 

Heparinization  seemed  to  decrease  the  severity  of  coagulation  abnormalities  caused  by 
yellow  fever  but  did  not  prolong  the  lifespan  of  infected  monkeys  (Table  III). 
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<  I'Usiiu  fibrinogen  concentration  Hnh  thrombin  time  in  thems  iiu^nkcys  at  intervals  after  infection  witli 
sellins  fever  virus.  Nivrnial  vaIucs  +  2  S.D.  arc  crosshatched. 


DISCUSSION 

For  many  ye.ars.  haemorrhage  has  been  recognized  as  an  ominous  prognostic  sign  in 
patients  with  yellow  fever.  More  recently,  coagulation  studies  iu  humans  with  yellow  lever 
sliowed  a  prolonged  one-stage  prothrombin  time  in  m<sst  patients,  an  abnormal  bleeding  and 
clotting  tune  in  some  patients  and  normal  blood  tibrinogen  levels  with  a  low  normal  platelet 
c  Hint  in  a  tew  selected  eases.  These  investigators  related  the  abnisrmal  pn'thrombin  time  to 
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liver  damage  and  the  degree  of  abnormality  to  the  severity  of  the  disease  (Trtjos  and  Romero, 
1954;  Elton,  Romero  and  Trejos,  1955). 

Monkeys  infected  with  a  virulent  strain  of  yellow  fever  developed  multiple  first  and 
second  stage  coagulation  abnormalities  and  increased  amounts  of  fibrinogen  degradation 
products  appeared  in  the  circulating  blood.  This  multiplicity  of  coagulation  defects  and  the 
rapidity  of  their  occurrence  cannot  be  attributed  solely  to  diminished  production  of  clotting 
proteins  and  may  be  caused  by  accelerated  utilization  (McKay,  1964).  The  presence  of 
fibrinogen  degradation  products  in  the  circulating  blood  suggested  that  there  was  continuing 


Table  II 

HBWNOtEN  DEGRADATION  PRODUCTS  IN  MONKEYS  INPECTED  WITH  YELLOW  LEVER* 
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•  Fibrinogen  degradation  products  were  sought  in  iinniunodiffusion  studies  utilizing  thrombin-treated  serum  and 
specific  rabbit  antisera  against  human  fibrinogen.  No  positive  reactions  were  observed  in  sera  from  24  normal  rhesus 
monkeys. 


Table  III 

HEPARIN  THERAPY  IN  EXPERIMENTAL  LELLOW  FEVER  LABORATORY  TESTS  IN  MX  ANIMALS 
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active  tibrinolysis.  This  finding  and  tlie  prolonged  eiiglobulin  lysis  time  in  anim.ils  with 
evidence  ot  intravascular  coagulation  suggested  that  this  plasmin  was  most  likely  due  to 
plasminogen  depletion  as  the  result  of  continuing  activator  activity,  plasmin  protiuction 
aiul  persisting  tibrinoK sis  in  the  blood  or  tissues 

Similar  to  the  tKCurrence  tsf  a  consumptive  coagulopathy  in  other  infectious  di.seases, 
laboratory  abnormalities  were  observed  almost  simultaneously  with  the  onset  of  fever, 
i  liiik.il  s;  in['toms  .ukI  pathological  changes  in  various  luidy  organs  (McKas  ,  1964).  I  he 
patliogeiiesis  nf  the  coagulation  abnormalities  is  imt  known,  but  it  is  possible  that  the  virus. 
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viral  antibodies  or  cellular  products  of  tissue  damage  could  promote  active  intravascular 
coagulation. 

Evidence  of  _ 'celcrai  d  intravascular  coagulation  in  monkeys  with  yellow  fever  suggested 
that  anticoagulation  therapy  might  reduce  the  severity  and  mortality  of  the  disease.  Heparin 
therapy  seemed  to  diminish  the  severity  of  coagulation  abnormalities  but  did  not  dela)-  or 
prevent  death.  This  suggested  that  liver  necrosis  and  not  disseminated  intravascular  coagula¬ 
tion  was  the  cause  of  death  in  our  animals.  However,  anticoagulants  might  play  a  more 
important  therapeutic  role  in  less  virulent  infections  with  yellow  fever. 
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